Androsace vitaliana (syn. Vitaliana primulifl ora; Primulaceae) has been subject to several taxonomic treatments, whose conclusions ranged from a single species with numerous infraspecifi c taxa to several species usually without infraspecifi c taxa. Here, following molecular investigation, several taxonomic changes are made. A single species with the following infraspecifi c taxa is recognized: subsp. vitaliana (Pyrenees), subsp. cinerea (south-western Alps), subsp. lepontina (Pennine Alps), subsp. sesleri (south-eastern Alps), subsp. praetutiana (Apennines) and subsp. assoana (Iberian Peninsula excluding the Pyrenees), the last of which is divided into the four allopatrically distributed varieties assoana, centriberica, fl osjugorum and nevadensis. Contrary to some previous assertions, all taxa are allopatric and, especially for subspp. vitaliana, cinerea and lepontina, where clear diagnostic characters are lacking, they can best be determined by their geographic origin.
Introduction
Th e infraspecifi c taxonomy of Androsace vitaliana (L.) Lapeyr. has been studied by several authors (Lüdi 1927 , Chiarugi 1930 , Schwarz 1963 , Kress 1967 , 1997a , 1999 , who have reached diff erent conclusions, based on morphological diff erences, geographical distributions and a certain amount of intuition. Recent genetic studies of A. vitaliana by Vargas (2003) and Dixon et al. (2009) off ered new and unexpected insights into the species' phylogeny. Based on the results of these works and new analyses presented here, we now present a new taxonomy of A. vitaliana.
Taxonomic history
Th e fi rst infraspecifi c taxa to be distinguished in A. vitaliana (under the name Gregoria Vitaliana-for the nomenclatural evaluation of the names that have been used and for full nomenclatural authorities, see "Nomenclature") were the three varieties named by Sündermann (1916) , although he ascribed two of them to Robert Buser. He defi ned var. praetutiana from the central Apennines by its relatively short leaves with rounded tips and by the density of the indumentum, and var. cinerea from the south-western Alps by the size and colour of the fl owers, the shape of the leaves, and the ash-grey tomentum. Sündermann characterised the south-east Alpine var. sesleri by its slightly broader and greener leaves, but did not consider it to be very diff erent from the "typical" form supposed to occur in the western Alps. Lüdi (1927) followed Sündermann's classifi cation, but reduced the varieties to the rank of forma. Chiarugi (1930) divided the species (as Vitaliana primulifl ora) into three varieties: plants from the Sierra Nevada (var. nevadensis) form dense cushions and have persistent, distinctly keeled leaves tightly arranged on columnar stems; plants from the Apennines (var. praetutiana) form loose cushions or mats and have deciduous, broader leaves with rounded leaf tips; plants from the Pyrenees and the Alps (var. alpina) also form loose cushions or mats, but their leaves are narrower and have acute tips. Due to a lack of material, Chiarugi did not assign plants from the Sierra de Javalambre (eastern Spain) to any of his infraspecifi c taxa. Within the Pyrenean-Alpine taxon, he distinguished the eastern f. orientalis (Pennine Alps to southeastern Alps), with hairs either only on the leaf margins or on both the leaf margins and the median nerve on the lower leaf surface, from the western f. occidentalis (Pyrenees and south-western Alps), with hairs dispersed over at least the lower but commonly both leaf surfaces. Chiarugi further divided these formae into two subformae each, but the morphological diff erences were only reported to coincide with a geographical separation in f. orientalis, where the south-eastern Alpine taxon (subf. tridentina) had the least hairy leaves, while the taxon in the Pennine Alps (subf. lepontina) had hairier leaves. In contrast, for the two taxa within f. occidentalis, subf. genuina with longer corolla tubes and subf. cinerea with shorter corolla tubes, Chiarugi himself was unable to determine the exact distributional limits, and he only noted that both were present in both the eastern Pyrenees and the southwestern Alps. Later authors (e.g., Schwarz 1963 , Kress 1997a have been more specifi c about the distributions in the Pyrenees, limiting one taxon to the central parts of the range and the other to the eastern parts.
In his taxonomic revision, Schwarz (1963) divided Androsace vitaliana (as the genus Vitaliana) into fi ve species. While the distinctness of the Apennine taxon (V. obtusifolia) and the taxon from the Sierra Nevada (V. congesta) remained undisputed, populations from the Sierra de Javalambre were separated as a new species, V. intermedia, based on characters such as keeled leaves with obtuse tips and the shape of the calyx lobes, thus extending Chiarugi's observation of keeled leaves to cover the Sierra de Javalambre as well as the Sierra Nevada. Schwarz distinguished those plants that have leaves that are hairy on both sides (as V. chionotricha) from those with leaves that are glabrous on at least the upper surface (as V. primulifl ora), dividing the latter into two subspecies, one with hairy lower leaf surfaces (subsp. canescens) and the other with both leaf surfaces glabrous (subsp. primulifl ora). Although V. chionotricha and V. primulifl ora subsp. canescens were considered to occur in both the Pyrenees and the western Alps (Schwarz' subsp. primulifl ora is the taxon from the south-eastern Alps), Schwarz suggested that these are not sympatric, with V. chionotricha confi ned to the eastern Pyrenees and the south-western Alps, and V. primulifl ora subsp. canescens occurring in the central Pyrenees and the Pennine and Lepontine Alps (see Fig. 6 in Schwarz 1963: p. 28) . Th e Alpine distribution area of subsp. canescens is thus congruent with that of Chiarugi's f. orientalis subf. lepontina (see above). However, although Schwarz' map shows a clear geographic division between the two taxa, Kress (1967) asserts that the distributions are not as clearly separated as shown on Schwarz' map. Kress (1967) , as well as taking a diff erent view about the type material, which aff ects the use of the epithets vitaliana and sesleri (see "Nomenclature"), rejected the division of Vitaliana into fi ve species. Instead, he considered the taxon to be a single species and returned it to the genus Androsace. Since this treatment was done for Hegi's "Illustrierte Flora von Mitteleuropa", Kress only commented on the Alpine taxa, listing them as subsp. cinerea (eastern Pyrenees and western Alps), subsp. sesleri (south-eastern Alps) and subsp. vitaliana (Pyrenees, western Alps). While providing a diagnostic key (based on Schwarz 1963), Kress commented that the values for the number of palisade layers in the upper leaf surface and the size of the fl owers, characters used by previous authors (Sündermann 1916 , Chiarugi 1930 , Schwarz 1963 , are not always correct. In a later publication, Kress (1997a) also stated that the shape of the leaves is highly dependent on the environmental conditions under which the plant grows, with drier environments giving rise to longer, proportionally narrower leaves, making this another unreliable character. Kress (1967) followed Schwarz' view of the indumentum, albeit with some reservation about the uniformity of the character within and between populations. In contrast, Heß et al. (1970) dismissed the indumentum characters entirely, having observed that glabrous individuals could be found even in the southwestern Alps, where, according to the traditional viewpoint, plants should have hairs on at least the lower leaf surface. Laínz (1964) combined specimens from the Cordillera Cantábrica and the Sierra de Javalambre as subsp. assoana. Since then, the major changes have been in the recognition of an increasing number of taxa on the Iberian Peninsula, and at increasing rank. Kress (1997a) described a new subspecies for plants from the Cordillera Cantábrica (subsp. fl osjugorum, which forms loose cushions or mats and has a fraction of leaves that are distally hairy on the upper surface) as well as a variety in the Sistema Central (var. centriberica, which forms dense cushions with spreading dead leaves and juvenile leaves that have obtuse tips), which Luceño (1998) raised to the subspecifi c rank as subsp. aurelii. Kress (1999) raised the rank further, creating the species A. centriberica, with allopatric subspecies in the Sistema Central (subsp. centriberica), Sierra de Javalambre (subsp. assoana) and Montes de León (subsp. maragatorum, which diff ers from the previous two subspecies by more strongly hairy upper leaf surfaces and acute leaf tips), but excluding the Cordillera Cantábrica. At the same time, he also resurrected Schwarz' species from the Sierra Nevada as A. congesta. Th is last work by Kress contradicts earlier works by the same author, introducing new taxa based on characters that he had previously deemed unreliable.
Previous molecular findings
In the fi rst molecular investigation of the species, using sequences from the nuclear ribosomal ITS region, Vargas (2003) was not able to resolve all the relationships within A. vitaliana, but did detect three distinct lineages: one in the Apennines, one in the Alps, and one on the Iberian Peninsula. Dixon et al. (2009) , using additionally plastid sequences and AFLPs, identifi ed six major groups, corresponding closely with the geographical distribution of the species. All Spanish accessions from outside the Pyrenees formed a single group, with only weak diff erentiation between the diff erent mountain ranges. Kress' (1999) opinion that these populations belong to three diff erent species (A. congesta, A. centriberica, and A. vitaliana) found no support. No material from the Montes de León was included in the study of Dixon et al. (2009 ), but in Vargas' (2003 study, the Cordillera Cantábrica and Montes de León grouped together in agreement with their geographic proximity. Populations from the Pyrenees constituted a single group (ribotype sharing with Spanish populations outside the Pyrenees was interpreted as the result of ITS convergence after gene fl ow into the Pyrenees: Dixon et al. 2009 ). In the Alps, three groups were identifi ed: in addition to populations from the southwestern Alps (subsp. cinerea) and from the southeastern Alps (subsp. sesleri) populations from the Pennine Alps were found to be as distinct as the previous two or as subsp. praetutiana from the Apennines, supporting Chiarugi's (1930) assessment that the populations from the Pennine Alps formed a distinct taxon. Th is disagrees with most recent treatments, in which plants from the Pennine Alps have been grouped with those from the central Pyrenees.
Bayesian species delimitation
To further test the distinctness of the six major groups identifi ed by Dixon et al. (2009) , their AFLP data set was re-analysed via Bayesian multispecies coalescent species delimitation using genome-wide biallelic markers (Leaché et al. 2014) . Th e applicability of this method may be compromised in case of substantial gene fl ow between diverging entities (populations, subspecies, species); high bootstrap support obtained from a NeighbourJoining analysis for all major lineages except the one from the southwestern Alps ( Fig.  3 in Dixon et al. 2009: p. 585) , however, suggests that the evolution of this group can be reasonably well described by a tree. Applying this method allows competing species delimitation concepts to be compared using Bayes Factors (Kass and Raftery 1995) . To decrease the computational burden, the original AFLP data set was pruned to include only two randomly chosen individuals per population, retaining 60 of the 143 individuals in the data set of Dixon et al. (2009) . Analyses were conducted using the SNAPP 1.2.5 package (implementing the method of Bryant et al. 2012) in BEAST 2.1-2.3 . Priors for forward and backward mutation rates, u and v, were fi xed on 1.017056 and 0.983506, calculated from the state frequencies and applying the constraint that the mutation rate is 1. Priors for other parameters (λ for the Yule prior on species trees, α and β for the gamma distribution priors on the θ values of the ancestral population sizes) were fi xed at their default values. Bayes Factors were calculated from marginal likelihoods obtained via path sampling (Baele et al. 2012 ) with 60 steps (each with 10 6 MCMC steps and 50,000 pre-burnin steps). Tested species delimitation scenarios were: (i) all six major groups constitute distinct lineages; (ii) groups from the southwestern and Pennine Alps constitute a single lineage, while the remaining four are distinct; (iii) the three groups from the Alps constitute a single lineage, while the remaining three are distinct; (iv) the three groups from the Alps plus the Apennines constitute a single lineage, while the remaining two are distinct. Although the estimated marginal likelihoods need to be viewed with some caution (up to seven consecutive steps between step 20 and 30 of the path sampling had eff ective sampling size [ESS] values below 100), large positive Bayes Factors (i.e., twice the diff erence in marginal likelihoods between model 1 and model 2) provided strong support for the fi rst scenario, i.e., recognition of all six major groups identifi ed by Dixon et al. (2009) as distinct lineages (Table 1) . Classification Previous taxonomic treatments range from a very elaborate infraspecifi c classifi cation down to the level of subformae (Chiarugi 1930 ) to ones using a very narrow species concept, which distinguish up to fi ve diff erent species (Schwarz 1963 , Kress 1999 . Th e prevailing view lies between these two extremes and treats A. vitaliana as a single species with several subspecies (Kress 1967 , 1997b , Ferguson 1972 , Pignatti 1982 , a scheme we follow here for several reasons. Firstly, there is evidence for (ancient) gene fl ow between the diff erent mountain ranges (Dixon et al. 2009 ); secondly, there is a lack of reliable diagnostic features that could be used for species discrimination, especially between taxa from the Pyrenees and the western Alps. Finally, this is the choice of rank that requires the fewest changes to the established names, thus helping to ensure nomenclatural stability. Th ree subspecies possess distinctive morphological features that allow them to be distinguished, at least to some extent, from other taxa: subsp. praetutiana (Apennines) has rounded leaf tips (also found in some populations of subsp. assoana, but these form dense cushions, and rarely in subsp. vitaliana: Kress 1997a); subsp. assoana (Iberian Peninsula outside the Pyrenees) has keeled leaves (only weakly so in populations from the Cordillera Cantábrica), which tend not to fall off after dying away and give rise to thick columnar stems (in contrast to the slender stems seen in other taxa, but also in the populations of subsp. assoana from the Cordillera Cantábrica: Kress 1997a); subsp. sesleri (south-eastern Alps) has the least hairy leaves that are either glabrous or only sparsely hairy along the leaf margin (Schwarz 1963 , Kress 1967 . Th e remaining three subspecies have chiefl y been defi ned in terms of their indumentum, but despite the presence of some morphological tendencies (subsp. cinerea is generally the most densely hairy taxon with the longest leaves, for instance), these characters are variable both within and between populations, and do not correlate with genetic relatedness. Th e easiest way to distinguish these subspecies remains, therefore, knowledge of their geographic origins: subsp. vitaliana occurs in the Pyrenees, subsp. cinerea in the southwestern Alps, and subsp. lepontina in the Pennine Alps. We acknowledge that it is a disadvantage that these taxa cannot be confi dently diagnosed from their morphology, but we consider it necessary to refl ect our current understanding of their phylogenetic relationships and distinctness as far as possible in the taxonomy. Th e taxa from the Pyrenees and the western Alps are genetically as distinct as the other taxa that are better defi ned morphologically (Dixon et al. 2009 ). Although only the geographic location can currently be used to identify these taxa accurately, it is possible that suitable diagnostic characters exist, but have as yet been overlooked.
Th is problem also applies to the varieties within subsp. assoana, which are diffi cult to distinguish from herbarium material without knowledge of the geographic origin as acknowledged by Kress in his latest contribution (Kress 1999) , ironically the very study where he uses the highest taxonomic ranks. However, given that diagnostic tendencies have been recognised by previous authors (Kress 1997a (Kress ,b, 1999 , we have chosen to preserve these varieties, in order to retain as much as possible of the existing nomen-clature while also refl ecting the genetic relationships discovered by Vargas (2003) and Dixon et al. (2009) . Specifi cally, var. fl osjugorum is distinguished by growing in loose cushions or mats in contrast to the other three varieties that form dense cushions; var. centriberica has slightly shorter and broader leaves than the other varieties, with a tendency to be rounded at the tip, while the leaves of var. assoana are narrower and have acute tips; var. nevadensis reportedly forms smaller cushions than the other varieties of subsp. assoana and has imbricate leaves that are only occasionally rounded. Th e Linnaean basionym Primula vitaliana has been repeatedly typifi ed (Kress 1967 , Ferguson 1969 . Schwarz (1963) suggested as putative type material a specimen in the Linnaean herbarium in London (not explicitly designated by Schwarz, but identifi ed as LINN 198-15 by Ferguson). However, this is a specimen that represents Androsace alpina, not A. vitaliana. Additionally, this accession has been acquired later than 1753, which is also the case for another specimen preserved as Aretia vitaliana) of true Androsace vitaliana (Kress 1970) . Kress (1967) identifi ed a specimen held in Burser's Hortus Siccus from the Spanish Pyrenees for the type specimen. As this specimen lacks fl owers, Ferguson (1969) considered Kress' selection unsatisfactory and instead favoured as lectotype a plate by Sesler, which was based on a specimen from the south-eastern Alps and shows fl owers, descriptions of which are included in the protologue. Kress (1970) argues that Sesler's drawing is chimerical, because it includes parts of Silene acaulis (Caryophyllaceae), and continues to favour the specimen held in Burser's Hortus Siccus (Kress 1970 (Kress , 1993 . We follow Kress' choice of type, accepting his argument that the current lack of fl owers does not necessarily preclude the specimen from having once possessed some and having been used at the time of description. We also concur that the possibility of having at least part of the type material belonging to a diff erent species or even family should be avoided.
Nomenclature
One synonym of A. vitaliana given by both Chiarugi (1930) and Schwarz (1963) appears to result from a misunderstanding. Chiarugi cites "Primula lutea Vill., Cat. du Gard. de Strasbur., 121 (1807) ." as a synonym of A. vitaliana, referring to Villars' Catalogue méthodique des plantes du Jardin de l'École de Médecine de Strasbourg, where a footnote concerning "Primula vitaliana, Fl. fr. III, 450" appears at the end of the treatment of the genus Primula, adjacent to the name "P. lutea, Vill.", which (as is apparent from its typographic position) is cited here as synonym of P. auricula. Th e footnote refers to the critical placement of P. vitaliana between Primula, Aretia, and Androsace. Th us, it applies simply to the whole genus and cannot be seen as an indication of synonymy between P. lutea and P. vitaliana. Schwarz (1963) Dixon et al. (2009) , and contrary to previous hypotheses, only one subspecies of A. vitaliana occurs in the Pyrenees. Because the type specimen of the species name is from the Pyrenees, the Pyrenean taxon must bear the autonym. Sündermann (1916) did not designate a type specimen for his var. cinerea, but did give a location: "von den hohen Bergen zwischen Pietraporzio und St. Etienne in den Seealpen" ("high mountains between Pietraporzio and St. Etienne in the Maritime Alps"). Saint-Étienne-de-Tinée (Alpes-Maritimes, France) and Pietraporzio (Cuneo, Italy) lie on either side of the northern part of the Mercantour mountain range. We refrain from selecting a neotype until a collection from the immediate type region (between Col du Fer and Pas de Corborant) is available, preferably investigated by molecular means.
Since no material from the Savoyan or Graian Alps has been included by Dixon et al. (2009) , it is diffi cult to know to which subspecies these populations would belong. Pignatti (1982) had extended the area of his "subsp. canescens" (which largely corresponds to our subsp. lepontina) to Valle Locana (thus including the Gran Paradiso massif), whereas Chiarugi considered this population to be part of his forma occidentalis (i.e., our subsp. cinerea). Th is area is contiguous with the south-west Alpine distribution of A. vitaliana, and not with the area in the Pennine Alps (Niklfeld et al., unpubl. data A taxon restricted to the Pennine Alps has previously been recognized only by Chiarugi (1930) as Vitaliana primulifl ora var. alpina f. orientalis subf. lepontina. Schwarz (1963) described two subspecies within his Vitaliana primulifl ora, one of which (subsp. canescens) explicitly includes Chiarugi's taxon, but also includes some plants from the Pyrenees. Schwarz (1963) , however, failed to indicate a holotype, rendering the name (and thus also the later combination made by Vigo i Bonada 1983) invalid. Th e possibility of Schwarz having intended merely to provide a new name for Chiarugi's taxon is ruled out by Schwarz' explicit statement of "ssp. nov." and is also made less likely by the additional Pyrenean area. To fi nd a suitable name for a new combination, we must therefore return to Chiarugi's subf. lepontina, which covers the same area as the present taxon, for which several syntypes are listed, and whose epithet lepontina is considerably more apt and less ambiguous than Schwarz' "canescens". We have chosen one of the syntypes which has detailed location information, which comes from a representative location, and whereon all the parts that are used for diagnosis within the species are preserved. Th e new lectotype is from the summit region of the Seehorn, south-east of the Simplon Pass in the Swiss canton of Valais. Sündermann (1916) , in his description, ascribed subsp. praetutiana to Buser, although we are unaware of any publication by Buser dealing with A. vitaliana. Franz Sün-dermann was a commercial horticulturist in Lindau (Bavaria, Germany), and is unlikely to have maintained a herbarium himself. Buser's herbarium is held at the Conservatoire et Jardin botaniques de la Ville de Genève (G) and does not include any specimens of A. vitaliana (Laurent Gautier, pers. comm.) , suggesting that none of the material seen by the author of the protologue survives. For the purposes of typifi cation, the location information is rather vague, being given simply as "in den Abruzzen" (i.e. Abruzzo, Italy), which covers the entire range of the subspecies. Since Chiarugi (1930) was the fi rst to provide information on this taxon beyond the bald description of Sündermann, any neotype should be chosen from among the specimens seen by Chiarugi and identifi ed by him as var. praetutiana. We have chosen a specimen that has detailed location information, which comes from a representative location, and whereon all the parts that are used for diagnosis within the species are preserved. Schwarz (1963) Distribution. South-eastern Alps from the Bergamo Alps (Italy) to the Carnic Alps (Italy and a small area in Austria), chiefl y the Italian Dolomites.
As was the case for subsp. praetutiana, Sündermann (1916) ascribed subsp. sesleri to Buser and no type material has been identifi able. Th e location information for this taxon is stated as "die südtiroler und von da weiter östlich vorkommende Form" ("the form occurring in South Tyrol and further to the east"). Since no original material is available, a neotype is necessary, ideally from material collected in the source region of the material used for Sesler's drawing, which has previously been used for typifi cation of the species (see above). Sesler reports the location as "dans la montagne de S. Pellegrino" (cited in Ferguson 1969) , which is a pass between Falcade and Moeno in the southern Dolomites. In the course of a dedicated search, the taxon has been collected in the northern surroundings of the Passo di San Pellegrino, and material from this population is chosen for the neotype.
Androsace vitaliana subsp. assoana (Laínz) Distribution. Sierra Nevada. Th e basionym of this name, Chiarugi's (1930) var. nevadensis, has no explicitly designated type specimen; Chiarugi lists six specimens which he consulted, and the lectotype must be chosen from among these six syntypes. We have been able to see detailed photographs of fi ve of the six specimens, and only one of those bears a signifi cant number of fl owers. We have therefore chosen this specimen to be the lectotype. Schwarz (1963) used the epithet congesta and chose a specimen not investigated by Chiarugi to be the type.
